S2. Synthesis and characterization of the precursors
We synthesized Fmoc-Tyr(PO3H2)-OH based on previous work for directly use of solid phase peptide synthesis (SPPS). With SPPS, we synthesized 4p based on protocols in published paper. 1 The following scheme demonstrate the synthetic route for 1p, 2p and 3p from modification of 4p.
Then all compounds were purified by reverse phase HPLC using acetonitrile (0.1% TFA) and double-distilled water (0.1% TFA) as the eluents.
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Scheme S1. Synthesis route of 1p, 2p, 3p Figure S1 . 
S3. General procedure for hydrogel preparation
We dissolve lyophilized precursors (1p/2p/3p/4p) in distilled water, adjust pH with 1M NaOH to S7 reach pH 7.4, and make final concentrations all equal to 1 mM, followed by addition of 3 U/mL ALP. Optical images were taken 12 hours after the ALP addition. 
S4. TEM sample preparation
We first place 5 µL samples (preparation procedure described in S3) on 400 mesh copper grids coated with continuous thick carbon film (~ 35 nm) which is glowed discharged. Then we washed the grid with ddH2O twice. Finally we stained the sample loaded grid with a large drop of the UA (uranyl acetate) and allow to dry in air.
S5. Rheological measurement
All rheological experiments were performed at 25°C ±0.10°C in dynamic time sweep using TA ARES-G2 rheometer (TA Company, America) by 25 mm parallel plates. To minimize evaporation, a solvent trap was employed and a low viscosity mineral oil was applied around the sample. Time sweep experiments data were collected at 6.28 rad/s frequency and 1.0% strain.
S6. Static light scattering measurement
We performed static light scattering on using an ALV (Langen, Germany) goniometer and correlator system with a 22 mW HeNe (λ = 633 nm) laser and an avalanche photodiode detector.
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We prepared the samples of 1p, 2p, 3p or 4p with the concentration of 12.5 µM, 25 µM and 50 µM in pH7.4 PBS buffer. After addition of 2 U/mL ALP, we incubated the tubes for 24 hours and test the static light scattering at degree of 30, 60, 90, and 120°. The resulting intensity ratios are proportional to the amount of aggregates in the samples.
S7. Cell culture and MTT assay
Cell culture: Sarcoma osteogenic (Saos-2) cells and human marrow stromal cells (HS-5) were purchased from American-type Culture Collection (ATCC, USA). Saos-2 cells were cultured in
McCoy's 5a Medium (for Saos-2) supplemented with 15% v/v fetal bovine serum, 100 U/mL penicillin and 100 μg/mL streptomycin; HS-5 cells were cultured in Dulbecco's Modified Eagle's medium (DMEM) supplemented with 10% v fetal bovine serum (FBS), 100 U/mL penicillin and 100 μg/mL streptomycin at 37 °C in a humidified atmosphere of 5% CO2. 
S8. Confocal microscopy
Saos-2 cells were seeded in 96-well plates at 1×10 5 cells/well for 24 followed by culture medium removal and subsequently addition of fresh culture medium or culture medium containing 500 µM of the precursors. After 1 h of incubation, cells were washed with PBS buffer for 3 times and stained with 1.0 μg/ml Hochst 33342 for 10 min at 37 ºC in dark, followed by three-times wash with PBS buffer and stained with 0.1 mg/mL Congo red at 37 °C in dark. Finally, the cells were rinsed three times in PBS, and then kept in the live cell imaging solution (Invitrogen Life Technologies A14291DJ) for imaging.
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Figure S11. Fluorescence images of Saos-2 cells stained with Congo red (red) and Hoechst (nuclei, blue) after the treatment of culture medium, 1p (500 μM), 2p (500 μM) or 3p (500 μM) for 1 hour.
Scale bars: upper=40 μm, bottom=20 μm.
